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p;pH nf the Invention 

present — rentes .0 electronic displays and, in particular, «, erodes 



that 



protect displays from deterioration, their mode of use and their methods of 



fabrication. 
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Cross^eferencesjg^e^d Applications 

t t c o xt An/1 1 1, 078 filed December 21, 1998, 
This application claims priority to U.S.S.N. 60/1 1 3,078, 

US SN.60/113,418, fi le d December 22,1998, and U.S.S.N. 60/115,052, filed January 8, 
1999 , the contents of all of which are hereby incorporated herein by reference. 

Backgroundofjte^ 

Eiectrophoretic displays have been the subject of intense research and 
dCT e.opmen, for a number of year, Eiectrophoretic displayshave attributes of good 
Witness and contrast, wide viewing angles, state bistabiiity, and low power 
eonsumpuon when compared with liquid crystal display, Nevertheless, problems w.th 
th e iong-term image qua* of these displays have prevented their widespread usage. For 

inadequate service-life for these display, 

An encapsulated, eiectrophoretic display typically does no. suffer from the 
Bering and settling failure mode of traditional eiectrophoretic devices and provides 
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rh « the ability to print or coat the display on a wide variety of 
further advantages, such as the ammy w p 

flexible and rigid substrates. 

by sandwiching an op— y active matena, between two pieces of giass. >n many 
„ x ide C'lTO"). A first electrode st^re controls aU the segments of fte display .ha, 

electrode, and is generally designed „o t ,o overlap an, of the rear electrode wire 
, — Alternatively, the second electrode is 

areas of the display have a defined appearance. 

In electronic displays, i, has been c„mm„n,y observed that the display f a„s 

15 rf to construe, me display are damaged by rcpea,ed applied of electrical addressing 

suffer mechanical or electrochemical damage, 
giim^ry nf the Invention 

displays. Addnionally *e — discloses applications of these mChods and 
high durability applications that operate under a variety of environments. 
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,„ one aspect, the present invention reiates to a display that includes a display 
elemen, capable of changing its appearance in response to an electric field, and a first 
electrode adjacent the display element, such that the firs, electrode provides a protectee 
lay er adapted to prevent mechanica, or electrochemical damage to the display dement. 

,„ „„e embodiment, the display includes an elec.rophore.ic display elemen. tha. 
has as components a capsule, a dispersing fluid having a firs, optica, property disposed 
within ,he capsule, and a, leas, one elec tt ophore,ica.ly-mobi.e particle disposed witinn 
me capsule. The at least one electrophoretically-mobile particle has a second optica, 
proper* different from the firs, opto, property, and the a, leas, one electropnoretically- 
mobile particle can change position wUhin capsu,e under ,»e influence of an applied 
electric fe.d. The appearance of the dispiay elemeh, can change depending on where .he 
a. least one elec tt oph„re,ical.y-mobi.e particle is si«ua«ed whhin the capsule. 

In other embodiments, the protective layer is flexible, and the protective layer is 
^.ed ,o preven, mechanica, removal of the e.eOrophoretic elemen, from me display. 
, ,n yet another embodiment, the protective layer includes a plurality of conductors 

ex,ending therOhrough. ,n still anofher embodiment, the first electrode is transparent and 
me protective layer is disposed upon me transput electrode, the protective iayer being 
c*pab,e of protecting me tiansparen, electrode froA degradation under me application of 
an elecrica, potential. In a further embodiment, me firs, electrode is Iransparent and 
2 „ comprises one or more oxides selected from the group consisting of indium oxide, tin 

oxide and indium tin oxide. 

in another embodiment, the protective layer comprises at leas, one chemical 
composition se.ected from me group consisting of me melals nickel, palladium, platinum, 
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ruthenium, rhodium silver, aluminum, gold, titanium, 0— and zinc, and the ox.des 
silver oxide (AgO), — oxide (AWM, gold (II.) oxide (Au 2 0,), .Uanium (TO ox.de 
CTiO) titanium (IV) oxide (TKW, chromium (IU) oxide (Cr 2 0,), chromium (VI) ox.de 
(CrO,), oxide (ZnO), nicke, (..) oxide (NiO), palladium (II) oxide (FdO), p,a,inum 
( ,V) oxide (P.0 2 ), rutitenium (IV) oxide (RuO,), and rhodium (III) oxide (Rh 2 0 3 ). In a 
purred embodiment, me protective layer comprises palladium. In still another 
embodiment, the protective layer has a thickness no, greater than approximately ,0 un, 

ln another aspect, the invention relates ,0 a display, that includes a display 
element and a vapor-permeable electrode adjacent the display element In one 
„ embodiment, the display includes an electrophoretic disp.ay element mat has as 

components a capsule, a dispersin g fluid having a first optica, property disposed witinn 
t he capsule, and at leas, one e.ectrophoretically-mobile particle disposed within the 
capsule The a. least one electiophoretically-mobiie particle has a second optical 
property different from the firs, optica, property, and the a, leas, one e.ectrophoretically- 
, , mobUe particle can change position wi«hin the capsule under the influence of an appl.ed 
electric field. The appearance of the display element can change depending on where the 
. lea,, one electrophoreticaUy-mobile particle is situated within the capsule. 

,„ another embodiment me vapor-permeable electiode comprises an eiectrode 
permeable ,0 water vapor. In another embodiment the vapor-permeabte electrode 
20 comprises a reticulated electrically conductive structure. Tta reticulated electrically 
conductive struc.ure can be a wire mesh. The wire mesh can be made of copper or 
hronze, as well as o,her me.als. The reticulated e,e«rica,,y conducive s<ruc.ure can be a 
reticulated layer a, least partiany coated with an electrically conductive materia,, or it can 
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be a reticulated layer a. least par.ia.ly impregna.ed wi.h an elecrically conducive 

material. 

,„ another aspect, the invention relates to an electrostatically addressable display, 
including a display element having a first surface and a second surface, a protective layer 
disposed adjacent the first surface of the display element, the protective layer capable of 
transmitting charge, and an electrode disposed adjacent the second surface of the display 

> 

element. 

,„ one embodiment, the protective layer is flexible. In one detailed embodiment, 
the protective layer comprises an anisotropic material For example, the protective layer 
can comprise a sheet of plastic and a plurality of conducive elements vertically 
embedded in the sheet. The conductive elements can comprise a plurality of rods. The 
conductive elements can be substantial* invisible. Alternatively, the protective layer can 
comprise a semiconductor. For example, the protective layer can comprise a polymeric 
semiconductor including a plurality of photoconductor, The protective layer can 
5 comprise a layer of polymeric material, such as Mylar. 

,„ another embodiment, the display includes an electrophoretic display element 
that has as components a capsule, a dispersing fluid having a firs, optical property 
disposed within .he capsule, and at leas, one electrophoretically-mobile particle disposed 
within .he capsme. The a. leas, one elec.rophore,ically-mobile particle has a second 
2 „ optical property different from the firs, optical property, and .he a. least one 

electrophoretically-mobile particle can change position within the capsule under the 
influence of an applied electric field. The movement of the at leas, one 
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electrophoretically-mobile particle within the capsule changes the appearance of the 

display element. 

In another embodiment, the application of an electrostatic voltage of less than 
,000 volts across the display creates an electrostatic voltage of a. least 5 vote across the 
, electrophoretic element. In still another embodiment the protective layer disposed 
adjacent the firs, surface of the capsule comprises a layer having a resistivity less than 
,0" ohm-centimeters and the electrophoretic element comprises a material having a 
resistivity greater than 10» ohm-centimeters. In yet another embodiment, the protective 
lay er comprises a material having a resistivity greater than a resistivity of the 
„ electrophoretic element and a thickness that is no, more than 20"/. of the thickness of a 
lay er of the electrophoretic elements, whereby a resistance of the protective layer is 
approximately 20% of a resistance of the electrophoretic element. In a further 
embodiment, tire protective layer disposed adjacent the firs, surface of the display 
element comprises a layer of polymeric material. In still another embodiment, the 
,5 protective layer disposed adjacent the first surface of me display element comprises a 
layer mat conducts charge in a direction substantially perpendicular to the layer. In an 
additional embodiment, the protective layer disposed adjacent the firs, surface of the 
display element comprises a layer of an insulating material having a plurality of 
conductive structures extending therethrough. In yet a further embodiment, the 
» protective layer disposed adjacent the first surface of the display element comprises a 
firs, region having a firs, resistivity and a second region having a second resistivity. 

In a still further embodiment, the first region having a first resistivity and the 
second region having a second resistivity comprise a materia, which is doped differently 
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within the first region and the second region. In one detailed embodiment, the firs, 
region comprises a first material and the second region comprises a second different 
material. In another embodiment, the less conductive of the first and the second regions 
is continuous and surrounds an array of isolated segments of the more conductive of the 
firs, and the second regions. In a further embodiment, the less conductive of the first and 
the second regions comprises vias providing access to the array of isolated segment, In 
an alternative embodiment, the less conductive of the first and the second materials 
comprises a region that is continuous and that surrounds an array of islands of the more 
conductive of the first and the second materials, and the less conductive of the firs, and 
the second materials comprises pinholes providing access to the array of islands. The 
plurality of pinholes can comprise pinholes large enough to receive a print head. The 
array of islands can form a visible array of pixels when actuated by an electrostatic prin. 
head. In another example, the protective layer has a first surface and a second surface, 
and the second surface of the protective layer comprises the array of islands in electrical 
communication with the firs, surface of .he electrophoretic material layer. The array of 
islands can be in physical comae, with .he electrophoretic material. The protective layer 
can comprise one or more vias providing access to' the array of islands. The protective 
!ayer can comprise one or more pinholes providing access to the array of islands. The 
pinholes form an array which correspond to the array of islands. 

,„ another embodiment, the protective layer disposed adjacent the firs, surface of 
the display element comprises a first region having a first resistivity and a plurality of 
regions having a second resistivity. In ye. a further embodiment, .he plurality of regions 
having a second resistivity comprises arrays of three islands. 
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in yet another embodiment, the protective layer comprises a substrate havmg a 
coating of a substantially transparent radiation responsive charge emitting material 
disposed on a surface. The coating can be Ugh, or heat responsive. The surface having 
the coating can be disposed adjacent the electrophoretic material. 

In yet another embodiment, the protective layer comprises an anisotropic 
conductor. In one detailed embodiment, the anisotropic conductor comprises a 
substantially linear array of colloidal meta. spheres. The substantially linear array can be 
substantially perpendicuiar to a plane of the protective layer. In one example, the 
coUoidal metal spheres are substantially closely packed to form a vertical conductive 
path. In another exampie, the colloidal metal spheres are partially closely packed to form 
a vertical conductive pa* when compressed. The colloidal meud spheres can be 
compressed with a stylus or a print head. 

In still another embodiment, the step of providing the protective layer can 
comprise coating a substrate with a substantially transparent radiation responsive charge 
emitting material. In one example, providing the protective layer can comprise coating a 
substrate with a substantially transparent light responsive charge emitting material. In 
another example, providing the protective layer can comprise coating a substtate with a 
substantially transparent heat responsive charge emitting material. In yet another 
embodiment, the step of providing the protective layer comprises placing a layer of 
, conductive material on a substrate and etching portions of the layer ,o form an array of 
islands. 

In another aspect the invention relates to a method of addressing an 
electrostatically addressable display element, comprising steps (a) through (e). Step (a) 
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involves providing an electrophone element. The electrophone element includes a 
eapsule, a dispersing fluid having a firs, optical property disposed within me capsu,e, and 
a, least one elecKophoreticaHy-mobile particle disused within the capsute. The a. least 
one e.ec,rophoretica.ly.mobile partiele has a seeond optical property different from the 
, firs, optical property, and the at least one electrophoretically-mobile panicle can change 
position within me eapsule under the influence of an applied electric field. The 
movement of the a, least one electrophoretically-mobile particle within the capsule 
changes the visual appearance of the display element. Steps (b) through (e) involve: (b) 
providing a protective layer disposed adjacent the capsule, the protective layer adapted ,o 
,„ transmit charge, (c) providing a firs, electrode disposed adjacent me capsule, (d) 
disposing adjacent the protective layer an addressing electee, and (e) activating me 
addressing e.eCrode in conjunction wi,h ,he firs, e.ectrode ,0 subject the electrophoretie 
element to a selected one of the firs, applied electric field and the second applied electric 
field produced between me first electrode and the addressing electrode so as to address 
, 5 me electrophoretie element The method of addressing a display can involve addressing 
with an electrostatic print head having a first electrode 1 . 

In one embodiment, step (b) comprises providing a layer of an insulating material 
having a plurality of conductive structures disposed therethrough, and step (e) comprises 
activating me addressing elective in conjunction wUh the firs, electrode by touching at 
» leas, one of me conductive s,ructures so as ,o apply a selected one of the first applied 
electric fie.d and ,he second applied electric field produced between the first e.ectrode 
and .he conductive structure so as to address the electrophoretie element 
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,„ another embodiment, step (b) comprises providing a layer of a material having 
a more resistive region and a less resistive region, the less resistive region comprising at 
leas, one island adjacent the electrophoretic element, the more resistive region having a. 

pinhole therethrough, the at least one pinhole providing access to the at least 
one island of more conductive material, and step (e) comprises activating the addressing 
eiectrode in conjunction with the first electrode by emitting charge that passes ftrough 
fte at leas, one pinhole so as to apply a selected one of the first applied electric field and 
t he second applied electric field produced between the first electrode and the a. leas, one 
island so as to address the electrophoretic element. 

in another embodiment the invention provides a display comprising an 
electrophoretic display element capable of changing its appearance in response ,0 an 
electric field; and a protective layer secured to this display element, adapted to prevent 
mechanical damage thereto and capable of transmitting charge to the display element. 
Preferably, this display element is essentially laminar having opposed first and second 
surfaces and protective layers are secured to bom the firs, and second surface, 

Pr j-f rwri ptinn of the Drawings 

The invention is pointed ou, with particularity in the appended claims. The 
advantages of the invention described above, together with further advantages, may be 
better understood by referring to the following description taken in conjunction with the 
accompanying drawings. In the drawings, like reference characters generally refer to the 
same parts throughout the different views. Also, me drawings are no, necessarily to 
scale, emphasis instead generally being placed upon illusttating the principles of the 



invention. 
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structure 



structure 



FIG. 1A is a diagrammatic side view of an embodiment of an addressing electrode 
structure for a particle-based display element in which no field has been applied to the 
display element, and the particles are dispersed throughout the element. 

FIG. IB is a diagrammatic side view of an embodiment of an addressing electrode 
for a particle-based display element in which the bottom electrode has been 
placed at a voltage relative to the top electrode causing the particles to migrate to the 

it 

bottom electrode. 

FIG. 1C is a diagrammatic side view of an embodiment of an addressing electrode 
for a particle-based display element in which the bottom electrode has been 
placed at a voltage relative to the top electrode causing the particles to migrate to the top 

electrode. 

FIG. 2A is a diagrammatic side view of an embodiment of a rear-addressing 
electrode structure for a particle-based display in which the smaller electrode has been 
placed at a voltage relative to the large electrode causing the particles to migrate to the 
smaller electrode. 

FIG. 2B is a diagrammatic side view of an embodiment of a rear-addressing 
electrode structure for a particle-based display in which the larger electrode has been 
placed at a voltage relative to the smaller electrode causing the particles to migrate to the 
larger electrode. 

FIG. 2C is a diagrammatic top-down view of one embodiment of a rear- 
addressing electrode structure. 

FIG. 3 A is a diagrammatic side view of an embodiment of a rear-addressing 
electrode structure having a retroreflective layer associated with the larger electrode in 
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which the smaller electrode has been placed at a voltage relative to the large electrode 
causing the particles to migrate to the smaller electrode. 

FIG. 3B is a diagrammatic side view of an embodiment of a rear-addressing 
electrode structure having a retroreflective layer associated with the larger electrode in 
which the larger electrode has been placed at a voltage relative to the smaller electrode 
causing the particles to migrate to the larger electrode. 

FIG. 3C is a diagrammatic side view of an embodiment of a rear-addressing 
electrode structure having a retroreflective layer disposed below the larger electrode in 
which the smaller electrode has been placed at a voltage relative to the large electrode 
causing the particles to migrate to the smaller electrode. 

FIG. 3D is a diagrammatic side view of an embodiment of a rear-addressing 
electrode structure having a retroreflective layer disposed below the larger electrode in 
which the larger electrode has been placed at a voltage relative to the smaller electrode 
causing the particles to migrate to the larger electrode. 

FIG. 4A is a diagrammatic side view of an embodiment of an addressing structure 
in which a direct-current electric field has been applied to the capsule causing the 

particles to migrate to the smaller electrode. 

FIG. 4B is a diagrammatic side view of an embodiment of an addressing structure 
in which an alternating-current electric field has been applied to the capsule causing the 

particles to disperse into the capsule. 

FIG. 4C is a diagrammatic side view of an embodiment of an addressing structure 
having transparent electrodes, in which a direct-current electric field has been applied to 
the capsule causing the particles to migrate to the smaller electrode. 
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FIG. 4D is a diagrammatic side view of an embodiment of an addressing structure 
having transparent e.ectrodes, in which an alternating-current e.ectric field has been 
applied to the capsule causing the particles to disperse into the capsule. 

FIG. 5 A is a diagrammatic side view of an embodiment of a rear-addressing 
electrode structure for a particle-based display in which multiple smaHer electrodes have 
been placed a, a voltage relative ,„ multiple larger electrodes, causing the particles to 

migrate to the smaller electrodes. 

FIG. SB is a diagrammatic side view of an embodiment of a rear-addressing 
electrode struck for a particle-based display in which multiple larger electrodes have 
been placed a. a voltage relative to multiple smaller electrodes, causing the particles to 

migrate to the larger electrodes. 

FIG. 6A is a diagrammatic exploded perspective view of an electrophoretic 
display without protective electrodes that is immersed in a fluid for the purposes of 

I 

testing the degradation of the display. , 

FIG. 6B is a diagrammatic exploded perspective view of an embodiment of an 
electrophoretic display with protective electrodes that is immersed in a fluid for the 
purposes of testing the degradation of the improved disp!ay according to the invention. 

FIG. 6C is a diagrammatic side view of an embodiment of a protective electrode 



according to the invention. 

FIG. 7 is a diagrammatic side view of an embodiment of an electrophoretic 

display having a vapor-permeable electrode according to the invention. 

FIGs. 8A-8G, which are described individually below, are diagrammatic views of 
embodiments of protective layers adapted for use with addressing devices that 



various 
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may be movably positioned adjacent the electrophoretic display according to the 

invention. 

FIG. 8A is a diagrammatic perspective view of an embodiment of an 
electrophoretic display comprising a protective layer with an addressing device that may 
be movably positioned adjacent the electrophoretic display according to the invention. 

FIG. 8B is a diagrammatic perspective view of an embodiment of a protective 
layer having two regions of differing resistivity and conductivity according to the 
invention. 

FIG. 8C is a diagrammatic side view of an embodiment of a protective layer 
having a first conductivity and having objects that have greater conductivity extending 
through the protective layer according to the invention. 

FIG. 8D is a diagrammatic side view of an embodiment of a protective layer 
having a first conductivity and having regions that have a greater conductivity and 
interconnects extending through the protective layer according to the invention. 

FIG. 8E is a diagrammatic side view of an embodiment of a protective layer 
having a first conductivity and having vias or holes extending through the protective 

layer according to the invention. 

FIG. 8F is a diagrammatic side view of an embodiment of a protective layer 
having a first conductivity and having regions comprising three islands that have a 
, greater conductivity and associated interconnects extending through the protective layer 

according to the invention. 

FIG. 8G is a diagrammatic plan view of an embodiment of a protective layer 
having a first conductivity and having regions comprising three islands that have a 
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greater conductivity and associated interconnects extending through the protective layer 

according to the invention. 

FIG. 9 shows a view, similar to that of FIG. 8A, of an embodiment of the 
invention having protective layers on both sides and intended for use with a printer 

FIG. 10 shows a view, similar to that of FIGS. 8A and 9 of another embodiment 
of the invention intended for use with a printer. 
Detailed Description of the Invention 

An object of the invention is to provide a long-lasting, highly-flexible, reflective 
display that can be manufactured easily, consumes little power (or none in the case of 
bistable displays), and can, therefore, be incorporated into a variety of applications. The 
invention features apparatus and methods for providing an electrophoretic display 
comprising an encapsulated electrophoretic display medium and protective electrodes 
that result in reduced degradation of the display caused by mechanical and 
electrochemical action, thereby lengthening the life of the electrophoretic display. 

Use of the word "printing" is intended to include all forms of printing and 
coating, including, but without limitation: premetered coatings such as patch die coating, 
slot or extrusion coating, slide or cascade coating, and curtain coating; roll coating such 
as knife over roll coating, forward and reverse roll coating; gravure coating; dip coating; 
spray coating; meniscus coating; spin coating; brush coating; air knife coating; silk screen 
printing processes; electrostatic printing processes; thermal printing processes; and other 
similar techniques. Thus, the resulting display can be flexible. Further, because the 
display media can be printed (using a variety of methods), the display itself can be made 
inexpensively. 
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In broad overview, the invention relates to encapsulated electrophoretic displays 
that provide a flexible, reflective display that ean be manufactured easily and consume 
little power (o, no power in the case of bistable displays in certain states), as well as 
materials and methods useful in their construction. Such displays, therefore, can be 
incorporated into a variety of applications. The display can be formed from and can 
include particles tha, move in response to an electric charge. This mode of operation is 
typical in the field of electrophoretics. A display in which the particles, ordered by an 
electric charge, take on a certain configuration can take on many forms. Once the electric 
field is removed, the particles can be generally stable (e.g., bistable). Additionally, 
providing a subsequent electric charge can alter a prior configuration of particles. Some 
encapsulated electrophoretic displays may include two or more different types of 
particle, Such displays may include, for example, displays containing a plurality of 
anisotropic particles and a plurality of second particles in a suspending fluid. Application 
of a first electric field may cause the amsotropic particles to assume a specific orientation 
and present an optical property. Application of a second electric field may then cause tire 
plurality of second particles to translate, thereby disorienting the anisotropic particles and 
disturbing the optical property. Alternatively, the orientation of tile anisotropic particles 
may allow easier translation of the plurality of second particles. The particles may have a 

refractive index that substantially matches the refractive index of the suspending fluid. 
An encapsulated electrophoretic display can be constructed so that the optical 

state of the display is stable for some length of time. When the display has two states that 
are stable in this manner, the display is bistable. If more than two states of the display are 
sable, then the display is mul.is.able. For the purpose of the present invention, the term 
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Mstable indicates a display in which arty optica, state remains fixed once the addressing 
voitage is removed. However, the definition of a bistab.e state depends upon the 
display's application. A slowly decaying optical state can be effectively bistab.e if the 
optica, state is substantia,* unchanged over the required viewing time. For example, in a 
display that is updated every few minutes, a display image that is stable for hours or days 
is effectively bistable for a particular application. Thus, for purposes of the present 
invention, the term bistable also indicates a display with an optica, state sufficiently long- 
Uved so as to be effectively bistable for a particular application. Alternatively, it is 
possible to construct encapsulated e.ectrophoretic displays in which the image decays 
quickly once the addressing voltage to the display is removed (,., , the display is no, 
bistable or mul.is.able). Whether or not an encapsulated electrophoretic display is 
bis.able, and i.s depee of bistability, can be controlled through appropriate chemical 
unification of the e.ectrophoretic particles, the suspending fluid, the capsule, and binder 



An ei 
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materials. 

; „capsu.a.ed e.ectrophoretic display may take many forms. The display may 
include capsules dispersed in a binder. The capsules may be of any size or shape. The 
capsules may, for example, be spherical and may have diameters in the millimeter range 
or ,he micron range, bu. are preferably from about ten to about a few hundred microns. 
The capsules may be formed by an encapsulation technique. Particles may be 
encapsulated in the capsules. The particles may be one or more different types of 
particles. The particles may be colored, luminescen., ligh.-absorbing or transparent, for 
example. The particles may include nea. pigment dyed flaked) pigments or 
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i. tu. Hisnlav mav further include a suspending 
pigment/polymer composites, for example. The display may run 

fluid in which the particles are dispersed. 

Generally, an encapsulated electrophoretic display includes a capsule with one or 
more species of particle that either absorb or scatter light and mat are suspended in a 
fluid. One example is a system in which the capsules contain one or more species of 
electrophoretically mobile particles dispersed in a dyeu suspending fluid. Another 
example is a system in which the capsules contain two separate species of particles 
suspended in a clear suspending fiuid, in which one species of particle absorbs light 
(black), while the other species of particle scatters light (white). There are other 
extensions (more than two species ofpartic.es, with or without a dye, C ,c). The particles 
are commonly solid pigments, dyed particles, or pigment/polymer composites. 

In electrophoretic displays, the particles may be oriented or translated by placing 
an electric field across the capsule. The electric field may include an alternating-current 
field or a direct-current field. The electric field may be provided by at least one pair of 
5 electrodes disposed adjacent to a display comprising the capsule. 

The successful construction of an encapsulated electrophoretic display requires 
the proper interaction of all these materials and processes. Materia* such as a polymeric 
binder (fo, example, for binding the capsules to a substrate), electrophoretic particles, 
fluid (for example, to surround the electrophoretic particles and provide a medium for 
2 „ migration), and a capsule membrane (for example, for enclosing the electrophoretic 
particles and fluid) must all be chemically compatible. The capsule membranes may 
engage in useful surface interactions with the electrophoretic particles, or may act as an 
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inert physical bounds between , he fluid and , he binder. Polymer binder, may act as 
adhesives between capsnle membranes and electrode surfaces. 

Materials for use in creating elec.rophore.ic displays relate to the types of 
m a,erials, including, bu. no. limited to, particles, dyes, suspending fluids, and binders 
U sed in fabricating the displays. In one embodiment, types of particles that may be used 
,„ fabricate suspended particle displays include scattering pigments, absorbing pigments 
and luminescent par.*, Such particles may also be transparent. Exemplarypartic.es 
include titania, which may be coated in one or more layers with a metal oxide, such as 
aluminum oxide or silicon oxide, for example. Such particles may be constructed as 
comer cubes. Luminescent particles may include, for example, zinc sulfide particles. 
The zinc sulfide particles may also be encapsulated with an insulative coating to reduce 
electrical conduction. Light-blocking or absorbing partic.es may include, for example, 
dyes or pigments. Types of dyes for use in e.ectrophoretic displays are commonly known 
in the art. Useful dyes are typically soluble in the suspending fluid, and may furme, be 
, par. of a polymeric chain. Dyes may be polymerized by thermal, photochemical, and 
chemica! diffusion processes. Single dyes or mixtures of dyes may also be used. 

A suspending 0'.,, electroohoretic) fluid may be a high resistivity fluid. The 
suspending fluid may be a sing.e fluid, or it may be a mixture of two or more fluid, The 
suspending fluid, whether a single fluid or a mixture of fluids, may have its density 
2 „ substan.ia.ly matched to that of the particles within the capsule. The suspending fluid 
may be halogenated hydrocarbon, such as teMch.oroemy.ene, for example. The 
nalogenated hydrocarbon may also be a low molecular weight polymer. One such low 
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molecular weight polymer is poly(chlorotrifluoroethylene). The degree of 

polymerization for this polymer may be from about 2 to about 10. 

Furthermore, capsules may be formed in, or later dispersed in, a binder. Materials 

for use as binders include water-soluble polymers, water-dispersed polymers, oil-soluble 
polymers, thermoset polymers, thermoplastic polymers, and uv- or radiation-cured 
polymers. The materials used as substrates to support and as electrodes to address 
electrophoretic displays must also be compatible with the materials and processes that are 
described above. 

While the examples described here are listed using encapsulated electrophoretic 
displays, there are other particle-based display media that also should work we.l, 
including encapsulated suspended particles and rotating baU display, Other display 
media, such as liquid crystals and magnetic particles, also can be useful. 

,„ some cases, a separate encapsulation step of the process is not necessary. The 
dectrophoretic fluid may be directly dispersed or emulsified into the binder (or a 
precursor to the binder material) to form what may be called a "polymer-dispersed 
electrophoretic display." In such displays, the individual electrophoretic phases may be 
referred ,0 as capsules or microcapsules even though no capsule membrane is present. 
Such polymer-dispersed electrophoretic displays are considered to be subsets of 

encapsulated electrophoretic displays. 

.psulated electrophoretic display, the binder material surrounds the 

capsules and separates the two bounding electrodes. This binder material must be 
compatible with the capsule and bounding electrodes and must possess properties that 
al,„ w for facile printing or coating. I. may also possess barrier properties for water, 
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ultraviolet light, the electrophoretic fluid, or other materials, Further, it may 



contain surfactants and cross-linking agents, which could aid in coating or durability. 



The polymer 



-dispersed electrophoretic display may be of the emulsion or phase 



separation type. 

A. electronic ink is an optoelectronical.y active material which comprises a. least 
two phases: an electrophoretic contrast media phase and a coating/binding phase. The 
e,ectrophore«ic phase comprises, in some embodiments, a single species of 
electrophoretic particles dispersed in a clear or dyed medium, or more than one species of 
electrophoretic particles having distinct physical and electrical characteristics dispersed 
in a clear or dyed medium. In some embodiments the electrophoretic phase is 
encapsulated, that is, mere is a capsule wall phase between the two phases. The 
coating/binding phase includes, in one embodiment, a polymer mattix that surrounds the 
electrophone phase. In this embodiment, the polymer in the polymeric binder is 
capable of being dried, crosslinked, or otherwise cured as in traditional inks, and 
, therefore a printing process can be used to deposit the eiectronic ink onto a substrate. An 
electronic ink is capable of being printed by several different processes, depending on the 
mechanical properties of the specific ink employed. For example, the fragility or 
viscosity of a particular ink may result in a different process selection. A very viscous 
ink would no. be well-suited to deposition by an Inkjet printing process, while a fragile 
20 ink might not be used in a knife over roll coating process. 

The optical quality of an electronic ink is quite distinct from other electronic 
display materia!, The most notable difference is that the electronic ink provides a high 
degree of bout reflectance and contrast because it is pigment based (as are ordinary 
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printing inks). The Ugh, *» * ^ COmCS ^ 4 ^ ,ayeI ° f 

in the same manner as a printed page, and such ink approximates a I-*— contra* 

that is the in, can be set to a persistent optica, state. Faction of a display by printing 
„ e.ectronic in, is particu.ar.y use & . in .ow power applications because of this stability. 

md draw very .ittie current. As such, the conductive ieads and electrodes used to denver 
the voltage to electronic ink displays can be of relative* high resistivity. The ability to 

use d as conductors in electronic ink displays. In particular, the use of costly vacuum- 
l5 sputtered 1TO conductors, a standard tnateria, in U,uid crysta. devices, is not purred. 
Aside from cos. savings, the replacement of !TO with other materia* can provide 
refits in appearance, processing capabilities (printed conductors), flexibility, and 
ability. Additionally, the printed e.ectrodes are in contact only with a solid binder, no, 
with a fluid layer (like liquid crystals). This mens' that some conductive matenals, 

used in an electronic ink application. These include opaque metallic inks for the rear 
eiectrode (e,., silver and graphite inks), as we,, as conductive transparent inks for cite 
substrate. These conductive coatings inc.ude semiconducting conoids, examples of 
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a ~a tin oxide Organic conductors (polymeric conductors 
which are ITO and antimony-doped tin oxide, urga 

wi molecular organic conductors, a.so may be used. Po.yn.ers include, bu t are no, 
Wrt to, polyaniline and derivatives, po.ythiophene and derivatives, po.y3,4- 
emy,enedioxvuuophene (PEDOT) and derivatives, po.ypyrrole and derivatives, and 
po.yphenyleneviny.ene (PPV) and derivatives. Or g anic nto.ecu.ar conductors inc.ude, 
W are not Hmited to, derivatives of naph.ha.ene, ph,ha.ocyanine, and pentacenc. 

Pointer .aycrs cat, be made thinner and more transparent tha, wi* traditiona. disp.ays 

because conductivity requirements are not as stringent. 

As an example, there is a class of materials called e.ectroconductive powders 

wM ch are also useful as coatab.e transparent conductors in electronic n* disp.ays. One 

example is Ze.ec ECP e.ectroconductive powders *om DuPon. Chemical Co. of 

Wilmington, Delaware. 

Referring now ,» FIGs. 1 A, IB and 1C, an addressing scheme for controlling 
partic.e-based disp.ays is shown in which e.ectrodes are disposed on both sides of a 
, display, allowing the disp.ay to be addressed according to the present invention. The top 
e.ectrode can be fabricated from a conductive materia, that is transparent, such as .TO, to 
permit the state of the disp.ay element to be observed tough the top electrode. 

FIG. 1 A depicts a single capsule 20 of an encapsulated display element. In brief 
overview, the embodiment depicted in F,G. .A inc.udes a capsu.e 20 containing a. .east 
20 one part* 50 dispersed in a suspending fluid 25. The capsu.e 20 is addressed by a firs, 
e.ectrode 30 and a second e.ectrcde 40. Either or bom electees 30, 40 may be 
transparent conductive e.eOrode, in one embodiment the frst e,ectrode 30 is snuated 
„ the top of the capsu.e 20 of the disp.ay e.ement, while the second electrode 40 is 
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second electrode 40 may be se, .0 vo.tage potentials which affect the position o, the 

particles 50 in the capsule 20. 

The partic.es 50 represent 0.i% to 20% of the vo.ume enclosed by the capsule 20. 
ln some embodiments the partic.es 50 represent 0.1% to 10% of the volume enclosed by 
capsule 20. In preferred embodiments, the particles 50 represent 0.5% to 10% of the 
volume enclosed by the capsule 20. ,n more preferred embodiments the particles 50 
represent 1% to 5% of the volume defined by the capsule 20. In genera., the volume 

, partic.es 50 provide the predominant visual effect when positioned a, the top surface of 
the capsule 20. As described in detail below, the particles 50 may have any one of a 
number of optic, characteristics, such as color, reflectance, retroreflectance and 
luminescence. The partic.es 50 may be either positive* charged or negative* charged. 
Ue particles 50 are dispersed in a dispersing fluid 25. The dispersing fluid 25 

, 5 should have a low dielectric constant. The fluid 25 may be clear, or substantially clear, 

fiom position ,0. In other embodiments, the fluid 25 is dyed. In some embodiments the 
dispersing fluid 25 has a specific gravity matched to the density of fine particles 50. 
These embodiments can provide a bistable display media, because the particles 50 do not 
20 te „d to move in certain compositions absent an electric field applied via the electrodes 
30, 40. 

The electrodes 30, 40 should be sized and positioned appropriately so that 
together they address the entire capsule 20. There may be exactly one pair of electrodes 
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• „f .i^tmrfes 30 40 tier capsule 20, or a single pair 
30, 40 per capsule 20, multiple pairs of electrodes JO, w per v 

of electrodes 30, 40 may span multiple capsules 20. .n the embodiment shown in FIGs. 
, A - 1C, the capsule 20 has a flattened, rectangular shape. In these embodiments, the 
electrodes 30, 40 should address most, or all, of the flattened surface area adjacent the 

electrodes 30, 40. 

Hectrodes may be fabricated from any material capable of conducting electricity 

depicted in FIGs. 1 A -1 C allow the electrode 40 to be fabricateu from opaque materials 
such as solder paste, copper, copper-clad po.yimide, graphite inks, silver inks and other 
^.containing conductive ink, Electrode 30 may be fabricated using tiansparen, 
materials such as ITO and conductive polymers such as po.yani.ine or po.ythiopenes. 
Electrode 40 may also be fabricated using transparent materia., E.ectrode 40 may be 
pr „vided with contrasting optica, properties. ,n some embodiments, the electrode 40 has 
an optical property complementary to optical properties of the particles 50. 

,n one embodiment, tire capsule 20 contains positively charged black particles 50, 
and a dyed suspending fluid 25. The top electrode 30 is clear, and the bottom electrode 
40 is opaque. When the top electrode 30 is placed a, a negative voltage potential relative 
t „ bottom electrode 40, the positively-charged particles 50 migrate to the top e.ectrode 
30. The effect to a viewer of the capsule 20 located at position 10 is a capsule having a 
„ front surface covered with black particles 50, creating an effect that is largely black. 
Referring to FIG. IB, when the top electrode 30 is placed a, a positive voltage potentia. 
revive to the bottom electrode 40, particles 50 migrate to the bottom electrode 40 and 
the viewer is presented a view of the dyed suspending fluid 25 ma. is observed through 
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th e transparent top *** 30, creating an effect which is largely .he appeal of the 
dy ed pending fluid 25. ,n .his manner <»e capsuie 20 may be addressed .o display 
either a visual state charac.eris.ic of the dyed fluid 25 or a Hack visual state. 

Other two-color schemes are easily provided by varying .he color of the 
suspending fluid 25 and ,he par.ic.es 50. For example, varying me color of .he 
suspending fluid 25 allows fabrication of a two-color display having black as one of me 
colors Alternatively, varying .he color of tire particles 50 allows a .wo-color sys.em .o 
be fabrics having me color of .he dyed suspending fluid 25 as one of me colors, h, 
certain embodiments, .he partic.es 50 exhibi. bistability, .ha. is, they are substantially 

0 motionless in the absence of an electric field. 

Another aUernative embodiment can be constructed using two species of particles 
50 50' having two differ, colors, and two different e.ectrophoretic mobilities, such ma. 

po.en.ia. is applied across tire electrodes 30 and 40, and .he outer species of particles, 50', 
15 move s toward the top electrode 30 when a second potential is applied across me 

u thr first soecies of particles 50 can be black and 
electrodes 30 and 40. For example, the tirst species oi P 

positive, charged, while the second species of particles 50- can be white and negatively 
charged. In such an embodimen,, when .he .op electiode 30 is held a. a more positive 
potential man electrode 40, the white, negative particles 50" move toward the top 
20 electrode 30 and the black, positive particles 50 move toward the bottom electiode 40, 
causing the capsule ,0 have a white visual appearance characteristic of me particles 50'. 
When the top electrode 30 is held at a more negative potential titan electrode 40, the 
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appearance characteristic of the partic.es 50. .n other two coior embodiments, an 

eiectrophoretic Cement that can display <wo desired coiors to be reaUzed. 

Referring now to FlGs. 2A and 2B, an addressing scheme for controlhng parUcie- 

jj „h ntni7ina only one side ofthe display for 
allowing the display to be rear-addressed. Ut.hz.ng onty 

„ materials, because the electrodes do no, need to be transparent. 

FIG 2A depicts a single capsule 20 of an encapsulated display media. Inbnef 
overview, the embodiment depicted in FIG. 2A includes a capsule 20 containing a, leas, 
one particle 50 dispersed in a suspending fluid 25. The capsule 20 is addressed by a firs, 

15 e,ectr„de40. 

potentials which affect the position of the particles 50 in the capsule 20. 

The paruc.es 50 represent 0.1% to 20% of the volume enclosed by the capsule 20. 

u ^vi« represent 0 1% to 10% of the volume enclosed by 
In some embodiments the particles 50 represent v.i 

capsule 20. In preferred embodiments, the pariic.es 50 represent 0.5% to ,0% of the 
20 volume enc.osed by the capsu,e 20. .n more preferred embodiments the partic.es 50 

, , ^i„c rpnresent should be selected so that the 
percentage of the capsule 20 that the particles 50 represent 

t of the second larger electrode 40 when positioned over the first, 
particles 50 expose most of the second, largci c 
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smaller electrode 30. As described in detail be,ow, the pariic.es 50 may be colored any 
one of a number of colors. The pariic.es 50 may be either positive,, charged or 

negatively charged. 

The partic.es 50 are dispersed in a dispersing fluid 25. The dispersing fluid 25 
should have a tow dielectric constant. The fluid 25 may be clear, or substantia,., dear, 
so that *e fluid 25 does no, inhibit viewing the pariic.es 50 and the electrodes 
from position .0. In other embodiments, the fluid 25 is dyed. ,n some embodiments the 
dispersing fluid 25 has a specific gravity matched to the density of the partiCes 50. 
These embodiments can provide a bistabie disp,ay media, because the partiCes 50 do not 
te „d to move in certain compositions absent an e.ectric fie.d appiied via the e.ectrodes 

30, 40. 

The electrodes 30, 40 should be sized and positioned appropriately so tot 

„ *. m ,ire caosule 20 There may be exactly one pair of electrodes 
together they address the entire capsule zu. 

. , • t .wtmrf,, 30 40 ner capsule 20, or a single pair 
30 40 per capsule 20, multiple pairs of electrodes 30, per P 

5 „f electrodes 30, 40 may span multiple capsules 20. In the embodiment shown in FIG, 
2A and 2B, die capsule 20 has a flattened, rectangular shape. In these embodiments, the 
eiectrodes 30, 40 should address most, or all, of the flattened surface area adjacent the 
electrodes 30, 40. The smaller electrode 30 is a, most one-half the size of the larger 
electrode 40. ,n preferred embodiments the smaller electrode is one-miarter the size of 

20 the larger electrode 40; in more preferred embodiments the smaller electrode 30 is one- 
eighth the size of the larger electrode 40. In even more preferred embodiments, the 
smaller electrode 30 is one-sixteenth the size of the larger electrode 40. It should be 
noted that reference to "smaller" in connection with the electrode 30 means that the 
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e,ectrode 30 addresses a smaher amount of the surface area of the capsu.e 20, no. 
necessarily that the e.ectrode 30 is physicaUy smal.er than the .arger electrode 40. For 
example, multip.e capsu.es 20 may be positioned such that .ess of each capsule 20 is 
addressed by the "smaller" electrode 30, even though both electrodes 30, 40 are eoual rn 
size ,, should also be noted that, as shown in F.G. 2C, electrode 30 may address on,y a 
smaU comer of a rectangular capsule 20 (shown in phantom view in F,G. 2C>, retiring 
.he larger electrode 40 to surround the smaller electrode 30 on two sides in order to 
properly address the capsule 20. Selection of the percentage vo.ume of the particles 50 
and the electrodes 30, 40 in mis manner allow the encapsulated display media to be 

addressed as described below. 

Eiectrodes may be fabricated from any material capable of conducting electricity 

^-addressed embodiments depicted in FIG, 2A and 2B allow the electrodes 30, 40 ,0 
be fabricated from opauue materials such as solder paste, copper, copper-clad polyimide, 
5 g raphi,e inks, si.ver inks and other metal-containing conductive ink, Alternatively, 
electrodes may be fabricated using transparent materials such as .TO and conductive 
polymers such as po.yani.ine or po.ythiopene, Electrodes 30, 40 may he provided wtth 
contrasting optica, properties, .n some embodiments, one of the e.ectrodes has an optical 
property complementary to optical properties of the particles 50. 

,„ „»e embodiment, the capsule 20 contains positively charged black particles 50, 



20 



and a substantially dear suspending fluid 25. The first, smaUer e.ectrode 30 is colored 
Hack, and is smaller than the second e.ectrode 40, which is co.ored white or is highly 
reflective. When the smal.er, b.ack e.ectrode 30 is placed a, a negative vo.tage potentia. 
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re.ative to larger, white electrode 40, the positives-charged particles 50 migrate to the 

20 may be addressed to display either a white visual state or a black visual state. 

Cher two.co.or schemes are easily provided by varying the color of the srnaUer 
e.ectrode 30 and the particles 50 or by va^ing the color of the larger electrode 40. For 
example, varying the coior of the larger e,ec.rode 40 allows fabrication of a rear- 
addressed, two-color display having black as one of the colors. Alternatively, varying the 
eo,„r of the smaller electee 30 and the particles 50 allow a rear-addressed two-color 
15 system ,„ be fabricated having white as one of the Cor, Further, it is contemplated that 
the particles 50 artd the smaller electrode 30 can be different colors. In these 
embodiments, a two-color display may be fabricated having a second color that is 

^-addressed, orange-white display may be fabricated by providing blue particles 50, a 
20 red, smaller electrode 30, and a white (or highly reflective) larger electrode 40. In 
general, the optical properties of the electrodes 30, 40 and the particles 50 can be 
independent* selected ,0 provide desired display characteristic, In some embodiments 
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the optica, properties of the dispersing fluid 25 may aiso be varied, e.g. the fluid 25 may 

be dyed. 

I„ other embodiments me larger electrode 40 may be reflective instead of white. 
!» these embodiments, when the particles 50 are moved ,„ the smaller electrode 30, light 
reflects off the reflective surface 60 associated with the larger electrode 40 and the 
capsule 20 appears light in color, e.g. white (see FIG. 3A). When the particles 50 are 
moved to the larger e,ectrode 40, the reflecting surface 60 is obscured artd the capsule 20 
appears dark (see FIG. 3B) because light is absorbed by the partic.es 50 before reaching 
the reflecting surface 60. The reflecting surface 60 for the larger electrode 40 may 
possess retroflective properties, specula, reflection properties, difiuse reflective 
properties or gain reflection properties. ,n certain embodiments, the reflective surface 60 
reflects light with a Lambertian distribution The surface 60 may be provided as a 
plurality of glass spheres disposed on the electrode 40, a difTraetive reflecting layer such 
as a holographically formed reflector, a surface patterned to totally internally reflect 
, incident light, a brightness-enhancing film, a diffuse reflecting layer, an embossed p.as,ic 
or metal film, or any other known reflecting surface. The reflecting surface 60 may be 
provided as a separate layer laminated onto the larger electrode 40 or the reflecting 
surface 60 may be provided as a unitary par. of the larger electrode 40. In the 
embodiments depicted by FIGs. 3C and 3D, tire reflecting surface may be disposed below 
2 „ the electrodes 30, 40 vis-a-vis the viewpoint 10. In these embodiments, electrode 30 

should be transparent so that Ugh, may be reflected by surface 60. in other embodiments, 
proper switching of the particles may be accomplished with a combination of alternating- 
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, . • r Mo o*^ HpQrrihed below in connection 
current (AC) and direct-current (DC) electee fields and desenbed 

with FIGs. 4A-4D. 

,„ still other —ems, the rear-addressed display previous* diseased can be 
configured to transition between largely transmissive and largely opaque modes of 
operation (referred to hereafter as -shutter modO. Referring bac k to FIGs. 2A tmd 2B, 
in these embodiments the capsule 20 contains a, leas, one positive.y-charged particle 50 
dispersed in a substantially clear dispersing fluid 25. The larger electrode 40 is 

30 is placed a, a negative voltage potential relative to the larger, transmissive electrode 
„ 40 the particles 50 migrate, o me smaller, opa q ue electrode ,0. Ue effect* a viewer of 
te capsule 20 ,oca,ed at position 1 0 is a mixture of the larger, transparent electrode 40 

Referring to FIG. 2B, when me smaller, opaque e.eCrode 30 is placed at a positive 
voltag e potential relative ,0 the larger, transparent electrode 40, particles 50 migrate to 
, 5 me second electrode 40 and *e viewer is presented a mixture of the opaaue particles 50 
covering the larger, transparent electrode 40 and the smaller, opaque electrode 30, 

capsules depicted in FIGs. 2A and 2B may be switched between transmissive and opaque 

2o Mthough FIGs. 2A-3D depict a pair of electrodes associated with each capsule 20, „ 
shou ,d be understood that each pair of electrodes may be associated with more man one 

capsule 20. 
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A simitar technique may be used in connection with the embodiment of FIGs. 4A, 
4B 4C, and 4D. Referring to FIG. 4A, a capsuie 20 contains at leas, one dark or Ha* 
particle 50 dispersed in a substantial dear dispersing fluid 25. A smalier, opaque 
e.ectrode 30 and a .arger, transparent decode 40 apply both direct-current (DC) electnc 

,.™r i J. < n the ransule 20 A DC field can be applied to 
fields and alternating-current (AC) fields to the capsule 2U. 

example, if ft. particles 50 are positively charged, the smaller electrode is placed a 
voltage tha, is more negative than the larger electrode 40. Although FIGs. 4A-4D depict 
only one capsule per electrode pair, multiple capsules may be addressed using the same 

electrode pair. 

The smaller electrode 30 is a, most one-half *e size of the larger electrode 40. In 
purred embodiments the smaller electrode is one-quMer the size of ft. larger decode 
«■ in more preferred embodiments the smaller electrode 30 is one-eighth the size of the 
,arger electrode 40. In even more preferred embodiments, the smaller decode 30 is 
5 one-sixteenth the size of the larger electrode 40. 

Causing the particles 50 to migrate to the smaller electrode 30, as depicted in FIG. 
4A allows incident light to pass through the larger, transparent electrode 40 and be 
refl ec,ed by a reflecting surface 60. In shutter mode, the reflecting surface 60 is replaced 
by . translucent layer, a transparent layer, or a layer is not provided a, a„, and incident 
„ iight is allowed to pass through fte capsule 20, i.e. the capsule 20 is transmissive. 

Referring now to FIG. 4B, the particles 50 are dispersed into the capsule 20 by 
applying an AC field to the capsule 20 via the electrodes 30, 40. The particles 50, 
dispel into the capsule 20 by the AC field, bio* incident light from passing through 
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• anne*r dark at the viewpoint 1 0. The embodiment depicted 
the capsule 20, causing it to appear dark at ine vi v 

to FIG, 4A-4B may be used in shutter mode by not providing the reflecting surface 60 
and instead providing a translucent layer, a transparent iayer, or no layer a. all. In shutter 
mode, application of an AC electric field causes the capsule 20 ,0 appear opaoue. The 
, transparency of a shutter mode display formed by the apparatus depicted in FIG, 4A-4D 
may be controlled by the number of capsules addressed using DC fields and AC fields. 
For example, a display in which every other capsule 20 is addressed using an AC field 
would appear fifty percent transmissive. 

FIOs. 4C and 4D depict an embodiment of the electrode structure described above 
„ in which electrodes 30, 40 are on "top" of the capsule 20, that is, the electrodes 30, 40 are 
between the viewpoint ,0 and the capsule 20. In these embodiments, both electrodes 30, 
40 should be ttansparent. Transparent polymers can be fabricated using conductive 
polymers, such as po.yaniline, polythiophenes, or ITO. These materials may be made 
soiuble so that electrodes can be fabricated using coating technics such as spin coating, 
„ spray coating, meniscus coating, printing techniques, forward and reverse roll coating and 
the like. In these embodiments, light passes through the electrodes 30, 40 and is either 
absorbed by the particles 50, reflected by retroreflecting layer 60 (when provided), or 
transmitted throughout the capsule 20 (when retroreflecting layer 60 is no, provided). 
The addressing structure depicted in FIGs. 4A-4D may be used with 
2 „ electrophoretic display media and encapsulated electrophoretic display media. FIG, 4A- 
4D depict embodiments in which electrode 30, 40 are statically attached to the display 
media. In certain embodiments, the particles 50 exhibit bistability, that is, they are 
substantially motionless in the absence of a electric field. In these embodiments, the 
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electrodes 30, 40 may be provided as par. of a "stylus" or other device whieh is seamed 
over the materia, to address each capsuie or cluster of capsules. This mode of addressing 
particle-based displays will be described in more detail below in connection with 
FIGs. 8A-8G. 

Referring now to FIGs. 5A and 5B, a capsule 20 of a electronically addressable 
media is illustrated in which the technique illustrated above is used with multiple rear- 
addressing electrodes. The capsule 20 contains a. leas, one particle 50 dispersed in a 
ciear suspending fluid 25. The capsule 20 is addressed by multiple smaller electrodes 30 
and multiple larger electrodes 40. In these embodiments, the smaller electrodes 30 
should be selected to collectively be a, most one-half tire size of the larger electrodes 40. 
,n further embodhnents, the smaller electrodes 30 are collectively one-fourth the size of 
the larger electrodes 40. In further embodiments the smaller electrodes 30 are 
collectively one-eighth the size of the larger electrodes 40. In preferred embodiments, 
the smaller electrodes 30 are collectively one-sixteenth the size of tire larger electrodes. 
Each electrode 30 may be provided as separate electrodes that are controlled in parallel to 
control the display. For example, each separate electrode may be substantially 
simuLaneously set .o the same voltage as all other electrodes of that size. Alternatively, 
the electrodes 30, 40 may be interdicted to provide .he embodiment shown in FIGs. 5A 
and 5B. 

Operation of the rear-addressing electrode structure depicted in FlOs. 5A and SB 
is similar to mat described above. For example, Ac capsule 20 may contain positively 
charged, black particles 50 dispersed in a substantially clear suspending fluid 25. The 
smaller electrodes 30 are colored black and the larger electrodes 40 are colored white or 
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are highly reflective. Referring .0 FIG. 5A, the smaller electrodes 30 are placed a, a 
negative potential relative to the larger electrodes 40, causing particles 50 migrate within 
the capsule .0 the smaller electrodes 30 and the capsule 20 appears to the viewpoint 10 as 
a mix of the larger, white electrodes 40 and the smaller, black electrodes 30, creating an 
effect which is largely white. Referring .0 Fig. 5B, when the smaller electrodes 30 arc 
placed a, a positive potential relative ,0 the larger electrodes 40, panicles 50 migrate ,0 
the larger electrodes 40 causing the capsule 20 to display a mix of the larger, white 
electrodes 40 occluded by the black particles 50 a*d the smaller, black electrodes 30, 
creating an effect which is largely black. The techniques described above with respect .0 
,„e embodiments depicted in FIGs. 2A and 2B for producing two-color displays work 
with equal effectiveness in connection with these embodiments. 

FIG. 6A is a diagrammatic exploded perspective view of an clectrophoretic 
display without protective electrodes mat is immersed in a fluid for the purposes of 
testing the degradation of the display. In this testing, a display having the general 
, characteristics of the display depicted in FIGs. 1 A-1C is situated with one end immersed 
in a fluid 95, such as water that may contain dissolved ionic materials, contained in a 
vessel 90 mat may be made of glass. The temperature is room temperature, and the 
pressure is ordinary atmospheric pressure. The display is depicted in exploded form for 
elarity, with the electrode 40 nearest the viewer, the capsule 20 adjacent the electrode 40, 
2 „ and the electrode 30 adjacent the capsule 20. The contents of the capsule 20, namely a, 
,eas, one particle 50 dispersed in a suspending fluid 25, have no. been depicted but 
should be understood .0 be present. For the purpose of the test, the electrode 40 is a 
transparent conductive electrode, for example an ITO layer, mat may be supported on a 
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40 it has been observed tha, electrode 40 may suffer degradation by an electrochemical 

gradation is shown as the region 92. The degradation may be due «o the reduction of 
t he mixed metai oxide to the metaUic state. The degradation of the eiectrode 40 » 
observed visually as me darkening, me reduction in the transparency or the reduction of 
pittance of the eiectrode 40. Such degradations can result in the change of 
0 appearance of an electrophoretic device, and, if the degradation is severe enough, can 

t0 conditions that might cause electrochemical degradation, such as exposure to high 
humidity or exposure to sea air, and to observe the results. 

Having observed the data-* <*** « to ^ 6A ' " 

, 5 t0 prevent the problems so observed were made. PIG. 6B is a diagrammatic exploded 
perspective view of an embodiment of an e.ectrophoretic dispiay with protective 
electrodes that is immersed in a fluid for the purposes of testing the degradation of the 
improved display according to the invention. The electrode 40 is again a transparent 
conductive electrode such as an 1TO layer, tot may be supported on a substiate no, 
» shown, <n this embodiment, an overcoating with a protective layer 45 has been applied, 
rhe protective layer 45 being comprised of a, leas, one chemical composition selected 
from the group consisting of the metals nickel, palladium, platinum, ruthenium, rhodmm, 
si ,ver, aluminum, gold, titanium, chromium and zinc, and the oxides silver oxide (AgO), 



37 





0 



EXPRESSWLABEL NO. EM400989909US 



alu minum oxide (A»03), gold (!.» oxide (Au 2 0 3 ), titanium CD C™>). — 
<W) oxide (WW, chromium an) oxide (Cr^), chromium (V,) oxide (WW, ,nc 
oxide (Z„0), nicxe, (I!) oxide (NiO), palladium (II) oxide (PdO), platinum (TV) ox,de 
(P.O.) ruthenium (W) oxide <Ru0 2 ), and rhodium (!!!) oxide (Rh 2 0,). In particular, a 
protective layer 45 comprisin g pauadium is preferred. The protective layer 45 may be 
quit e thin, for exampie not more than i 0 nanometers (nm). Such layers may be apphed 
by such diverse processes as evaporation, sputtering, deposit of a metal followed by 
oxidation, p.,in g , electroplating, e.ectroless deposition, or precipitation of an oxide from 
solution. 

As depicted in FIG. 6B, when the electrode 40 overrated with the protective 
lay er 45 was immersed in a fluid 95 (water) contained in vesse, 90 and subjected to the 

suff ered very much reduced degradation as compared to that observed for the region 92 
of the unprotected electrode 40 of PIG. 6A. The region 94 did no, suffer any appreciab,e 
15 dark eni»g or loss of transparency. Tests usin g immersion in a fluid 95 such as water are 
intended to and do represent accented tests under aggressive conditions. Fo, examp.e, 
m portion of the e.ectrode 40 tha, was not immersed in water, bu, was a!so subjected to 
te cathodic potential of 25 volts for 90 seconds, was not appreciab,y degraded. Under 
m0 re mild conditions (e.g., no, subjected to immersion in water), an electrode 40 
20 protected with an overcoated protective ,ayer 45 as described above would be expected to 
perform for an extended period of time a, a level more satisfactory than a correspond 
unprotected electrode 40. 
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While a single protective layer 45 may be helpful, a protective structure 
comprising a oluraUty of layers might also be useM. F,G. 6C is a diagrammatic side 
view of an embodiment of a protective electrode 100 having multiple layer, according to 
to invention. In FIG. 6C, an electrode 40 is overcoated with two layers 42 and 44. The 
lay ers 42 and 44 can each comprise one or more materials selected from the group 
consisting of the metals and metal oxides enumerated above. It is well known in the 
optica, arts that single layers may serve as antireflection coatings for lenses. It is also 
known tha, improved antireflection coatings are often produced from a plurality of layers 
having appropriate respective thickness and optical characteristics. In some cases, such 
coatings are applied to provide mechanical protection for a lens as we,, as to enhance to 
optica, characteristics of the lens. Here, the transparent conductive electrode 40 may be 
protected against both electrochemical damage and mechanical damage such as 
scratching by a suitable combination of a plurality of overcoated layers, such as 42 and 
44. The optical characteristics of the transparent conductive electrode 40 may also be 
5 adjusted or modified by a suitable combination of a plurality of overcoated layers, such 
as 42 and 44. 

Another problem that has been observed relates to the effects of water vapor on 
to performance of electrophoretic devices. During the fabrication and testing of many 
devices, it has been noted that, after exposure ,0 high temperature and high humidity 
20 (60°C and 95% relative humidity), a significant amount of residence time (for example 6 
,„ 12 hours) at 60»C and low humidity was required before the device was able to switch 
normally. In addition, i, has been noted that deterioration of to device occurs when it is 
exposed to these harshly humid conditions. 
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FIG. 7 is a diagrammatic side view of an embodiment of an electrophone 
display having a vapor-permeab.e e.ectrode according to the invention. In FIG. 7, there 
is a front electrode 30 mat can be an ITO layer deposited on a substrate such as polyester 
(PET). Adjacent the electrode 30 is a layer of electrophoretic display elements 
comprising capsules 20, each capsule 20 containing a, leas, one particle 50 (no, shown) 
dispersed in a suspending fluid 25 (no. shown). A vapor permeable e.ectrode 40 is 
provided adjacent the layer of electrophoretic display element capsules 20. The vapor 
permeable electrode 40 is a reticulated electrically conductive structure. In one 
embodiment, the vapor permeable e.ectrode 40 is a wire mesh. In alternative 
embodiments, the vapor permeable electrode 40 is a reticulated structure coated with an 
electrically conductive material, such as a plastic mesh coated with metal, or the vapor 
permeable electrode 40 is a reticulated structure impregnated with an electrically 
conductive material, such as a paper structure impregnated with a metal. The vapor 
permeable e.ectrode 40 has been observed to permit the passage of vapor such as water 
vapor between the capsules 20 and the ambient air so that the concentration of water at 
and within the capsules 20 does not build up or diminish. 

Samples of many n„n-lamina,ed dispersions stored under identical (60°C and 95% 
relative humidity) conditions showed no deterioration; and recovered sufficiently to 
switch after less than an hour a. room temperature and humidity, without exposure to a 
, dry 60°C environment. I. was decided to fabricate a laminated device incorporating the 
phenomenon of high permeability to water vapor. Tests were conduced using electrode 
structures made of copper and bronze screens and using conductive paper (e.g., silicone- 
treated paper, such as IPS phase-separation paper, coated with a thin metal layer), or a 
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dispersion of a conductive metal or me*! oxide in a polymeric film such as CD100. A 
standard resin binder was used for microcapsule 20 dispersion, arrd a 'top-coaf of the 
same resin was used for shielding ,he electrode from intimate contact with the 

microcapsules 20. 

,„ comparison to a standard device fabricated from a microcapsule dispersion 
lami „a«ed between two polyester (PET) substta.es of 4 m, thickness, the device with one 
highly permeable electrode exhibits a much quicker recovery from humidity exposure, 
and qualitatively seems to suffer from substantially less degradation in a similar time. 

The backplarre electrodes may also be fabricated from ce.lu.ose hydrophilic paper 
.eated with crosslinked resin, or with cellophane. Bo* of these materials are coated 
^th a conductive materia,, such as CD100, po,ypyrrole or similarly ftmctioning material. 
Typical construction is shown in FIG. 7. 

An electronic display device of the invention includes an electronic display 
m edia, a first electrode adjacent said media, artd a second electrode adjacent said media. 
5 The second electrode is made of a material having a high permeability to water vapor, .n 
one embodiment of the invention, the second electrode is silicone-treated paper. in 
another embodiment of tire invention, the second electrode is a metal screen, and is 
preferably a copper screen or a bronze screen. In another embodiment, the second 
electrode includes a tin layer of a conductive mefcl or metal oxide dispersed in a 
2o polym ericbinder,suchasCD100,forexample,disposedonmepaper. manothe, 

embodiment, the second electrode also includes a thin layer of polypyrrole. 
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A m e,hod of fabricating an electronic dismay device according ,o the invention 
inc ,»desthestepsof(a) p ro vidi„ g a fot e.eCode, (b, 

a A M disposing a second electrode adjacent the dtsplay 
adjacent the first electrode, and (c) disposing 

medi , The second electrode is made of a materia, having a high permeability to water 
vapor. ,n an embodiment of the invention, step (a) consists of providing a firs, electrode 

i„ ™« embodiment, the second electrode is a 
having high permeability to water vapor. In one embodim 

er »hodiment, the second electrode is a silicone-treated paper. The paper is prefer* 

3 CD100, for example. 

It is known in the art mat electrophoretic display media may be actuated by an 

devi ce * use of a movably positionable pHnt head offers cer* advantages, but also 

15 and the display that it addresses. 

A problem in this approach is that the electrophoretic media of the display, if 
CX posed to possible contact with the movably „si,ionab,e print head, may rub off or be 
damaged. While an intervening coating or plastic layer may be introduced, the 
intervening layer can be problematic. ,f the layer is highly resistive, it acts as a dielectric 

• o ™a interfere with a sharp image being 
in the X and Y dimensions to neighbonng re gl ons and interfere m 

created. 



42 



£ EXPRESS^ LABEL No. EM400989909US 

■ • i «irh as sauare pixels, are arrayed on the top 
In one approach, conductive islands, such as squa p 

. , mpn the orin t head touches each conductive island, a 
surface of the intervening layer. When the print ; 

♦w Thi* nermits the electrophoretic display 
charge is transferred that persists for some time. This permits 

• „ ihe weak field effect for a longer period of time, 
media to experience the weaK neiu c 

* • «n intervening layer that nevertheless permits the 
The invention consists of using an intervening my 

j . . „ mannpr allowing for increased 
charge «o be «ra»s,a.ed to the eiectrophoretic med,a in a manner 

image sharpness compared to existing approaches. 

FIGs 8A .SO. *ch are described individually below, are diagrammatic views of 
vaI ious embodiments of protective layers adapted for use with addressing devices that 
^ be movabiy positioned adjacent the electrophoretic disp.ay according ,0 the 
invention. FIG. 8 A is a diagrammatic perspective view of an embodiment of an 

sudl as a print bead that may be movabiy positioned adjacent the electrophoretic display 

♦• ThP addressing device 120 can have one or more electrodes 
according to the invention. The addressing 

• • a « « to address at least one electrophoretic display element. 
5 122 that can be positioned so as to address 

addressing device « can operate e.ec.— can operate electrodyn— 
^ operate ionographically, or can ^ opticaUy, as wil, ta described beiow. The 

• ,be nrotective layer 1 10 adjacent at leas, one capsule 20. In FIG. 8A, a 
display comprises the protective layer 

20 (n otsbown)dispersedmasuspending flU id 25 (no.shown, Adjacent the layer of 
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di sp,ay in mind, one can con* the various embodiments of the protective layer UO 

that may be used in the invention. 

HO SB is a diagrammatic perspective view of an embodiment of a protective 
layer having two regions ,12 and 1 .4 of differing resistivity and conductivity according 

elements have hcen embedded in a vertica, orientation during construction. The Cements 
, could he relatively >arge, such as in a Z-strip construction, or fairiy smal, as with tiny 
rods 0 f aconductive substance. Such Cements may be opaaue if they are visuaUy 
presented in an end orientation that is no. very noticeabie to the user, however preferably 

such materials are not visible to the eye. 

FIG . 8C is a diagrammatic side view of an embodiment of a protective layer 1 10 
, , having a first conductivity and having conductive objects 1 1 6 that have greater 

electrostatic addressing head .20 can contact one „, more of the conductive objects 1 .6, 
whi ch can be conductive pins or wires, so as to apply an electric field across one or more 
capsules 20 situated between a conductive pin 1 16 and the electrode 40. 

PIO. 8D is a diagrammatic side view of an embodiment of aprotective layer 1,0 
having a firs, conductivity and having regions .18 that have a greater conductivity and 
interconnects . 17 extending through the protective layer according to the invention. In 
another aspect, the protective layer 1,0 is a single relauve.y non-conducting layer of 
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poly meric materia, such as My*, bu, conductive islands U S are printed on one surface 



and arrang 



ed so tha, the islands arc touching (or in e.ectrica, communication with) the 



electrophoretic capsules 20. 

HO 8E is a diagrammatic side view of an embodiment of a protective iayer 

5 havi „ g a ftrst conductivity and having vias „9 or hoies extending through the protective 

„, „ vias may he introduced, so that the charge from the print head ,20 can trave, 
ea* through the intoning .ayer U0 and communicate with the conductive isiand 
„ 8 An exampie of such construction wou,d inciude perforating me intervemng 

by cavity or pressure, and sets, forming a ioca, via ,19. ,n another approach, the v,as 
, „ are f.„ed by another step with a different conductive materia,, and yet agatn a 
conductive via , ,9 is formed in a,, or most hoies that may communicate with the 

15 conductive islands 118. 

In y e. another approach the pinhoies are sufficient,, wide that a passing print 
head ,20 may in fact enter the hoies „ 9 and touch the conductive isiands „ 8. ,n one 
exampie, the pinho.es are arrayed in a pattern, such as a grid, and the Cectrostatic prm, 
head ,20 has protrusions tha, match the pattern and enter the pinho.es „9 to transfer 

many conducive need.es ,22 on springs; as the need,* ,22 pass over a ho,e 

enter and touch the conductive isiand , ,8. ,n another examp,c, the print head ,20 is ,tse,f 

highly e.astomeric and temporary extends to enter the ho.es , ,9 when pushed agams, 
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the intervening 



ma y be pushed through to touch the print head 120. 

, isn s with a pinhole U, it success* transfers » - «— 

te generated for example by a suit* ionographic print head ,20 as is xnowu 



Ions may 



in the art. 



• u 1^0 11Q k used above, a hole of any 
„ should be clear that where the term pmholes 119 .s used 

, dimension suitable for the purpose may be employed. 

ln another approach, a substantially clear intervening protective iayer 1 10 ,s 

coate d with a sub— dear materia, tha, emits charge when struct by a W source 

1 „^ Thk side is placed in contact with the 
of sufficient intensity or at a particular wavelength. This side is p 

, a: A lieht-emitting device (substituted for the print head 120) 
electrophoretic display media. A light emitting 
15 ^sedtotmagethemed. Similarly, the —g protective layer 1,0 may be coated 

be suitably used. 

n0 SF is a diagrammatic side view of an embodiment of a protective layer 1 

+ o i n pvtendine through the protective 
greater conductivity and associated interconnects 132 extendmg 

is ,ands, surrounded by the less conductive materia,. An electrostatic print head ,0 w.1. 
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tterefcre r ^ — • - - - — ' m h * "~ *" 

may ot pixels when actuated hv . ecstatic print head « — , the - 

conductivity enhancing ag,n,.o create conductive isiands. 

FIG 8G is a diagrammatic plan view of an embodiment of a protective layer 110 

, „ ctivitv and having regions comprising mree islands 1 30 tot have a 

having a first conductivity ana navmg & 

«♦« 1 r? pvtendine through the protective 
greater conductivity and associated interconnects 132 extending 

u • «ri«n The method of operation is the same as that recited 
layer according to the invention. The metnoa v 

above in conjunction with FIG. 8F. 

• u f m of a electrically re-writable sheet resembling a sheet of paper and 
invention in the form of a electricany 

capaD ,e of oeing written and re-wri«en oy a "printer" similar to a conventional 

SBtoSG.Thepro.ctiveiayerllO.allowsUansmissionofchargefromapermanen, 

• ut „tv»wwise result from the display sliding over the 
from mechanical damage such as might otherwise result tr 

20 permanent electrode mounted on the printer. 

* r v\r <; 8 A and 9 of a further modified 
FIG 1 0 shows a view similar to that of FIGS. 8 A and 

• • t nHed for use as a re-writable sheet capable of being written 
display of the invention intended for use as 

Ti^^cMnvnfFIG 10 comprises a layer of 
and re-written by an appropriate printer. The display of FIG. 
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capsules 20 disposed between protective layers 1 10 and 1 10' which allow the 
emission of charge from print heads 120 and 120' respectively to the layer of capsules 

20. 

I, should be clear that conductive islands may also be formed in the above cases 
by coating the whole sheet of protective layer 1 10 with a material and then etching or 
otherwise removing portions to form islands. Additionally, the word islands should be 
(aken to include various regions including snipes, rectangles, triangles, and arbtaary or 

random shapes and patterns. 

In each of the island approaches above, the islands could be arrayed in a suitable 
pattern such as a triad, which is then registered against an electrophoretic display media 
that is patterned into regions of different types of inks, such as different colors. In this 
manner, for example, an electrostatic print head could actuate a cyan, magenta, yellow 
electrophoretic display and achieve a color image. 

While the examples described here are listed using encapsulated electrophoretic 
displays, there are other particle-based display media that should also work as well, 
including encapsulated suspended particles and rotating ball displays. 

While the invention has been particularly shown and described with reference to 
specific preferred embodiments, it should be understood by those skilled in the art that 
various changes in form and detail may be made therein without departing from the spirit 
3 and scope of the invention as defined by the appended claims. 
What is claimed is: 
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